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System and Method for Rapid Alignment and Accurate Placement 
of Electronic Components on A Printed Circuit Board 

Technical Field 

[0001] The present invention relates in general to optical positioning systems 
and in particular to heated gas soldering / desoldering systems for placing or 
removing integrated circuit chips from printed circuit boards. 

Background of the Invention 

[0002] The fabrication of modern electronic components typically involves the 
attachment of electronic components such as integrated circuits onto printed circuit 
boards. Such integrated circuits are first positioned at the desired location on the 
circuit board and are then soldered by heated gasses into position. Such 
positioning and soldering operations require precise control for at least the 
following reasons. 

[0003] Integrated circuit chips typically comprise an array of small balls or 
solder columns which extend downwardly from the back of the chip and/or small 
leads which extend downwardly from the perimeter of the chip. Each of these 
balls, columns or leads must be accurately positioned so as to be received within a 
contact area on the printed circuit board. As the development of more and more 
advanced integrated circuits continues, successive integrated circuits have larger 
and larger numbers of balls/ leads extending therefrom. Consequently, the 
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separation distance between successive balls/ leads in the arrays have become 
smaller and smaller. 

[0004] As can be appreciated, as progressively smaller and more complex arrays 
are developed, it becomes more and more difficult to accurately position the 
integrated circuit chips on the printed circuit boards. For example, today 1 s 
integrated circuit chips may have ball arrays as small as 1 mm 2 . Such ball arrays 
may have a "pitch" (i.e.: the distance between adjacent solder balls) as small as 
0.3 mm. Thus, due to the small size of the individual balls in an array, accurately 
positioning the integrated circuit chip at the exact desired position on the printed 
circuit board requires a system which is capable of very accurate controlled fine 
movement. 

[0005] Furthermore, precise control is also required when soldering the 
integrated circuit chips into position. Specifically, it is desirable to achieve a 
uniform temperature across the chip's ball array, thereby soldering all of the balls 
of the array into their respective contact areas on the circuit board. However, it is 
also important that such heating of the desired component on the printed circuit 
board does not result in excessive heating of adjacent electrical components on the 
circuit board. Specifically, excess heating of adjacent components may cause the 
solder of the adjacent components to reflow, potentially resulting in the 
disconnection of some of their balls or leads. 

[0006] Accordingly, what is desired is a system which uniformly raises the 
temperature of a large area of the circuit board to a temperature which is just 
under the solder melt temperature. Localized heating is then applied to raise the 
temperature of the balls or leads under the electronic component being positioned 
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to a temperature which is just under the solder melt temperature. This approach 
minimizes temperature gradients under the chip, while keeping the temperature of 
adjacent components below a solder melt / reflow temperature. 

[0007] There are two basic types of existing positioning systems. In the first 
type of system, the printed circuit board is held at a fixed location and a tool head 
(comprising a heated gas soldering head) is automatically positioned at a preferred 
location above the printed circuit board. The integrated circuit chip (or other 
electronic component) held by the tool head is then lowered into position onto the 
board. 

[0008] A disadvantage of these existing automatic positioning systems is that 
their overhead positioning systems (i.e.: their movable tool head assembly) tends 
to be large and bulky. This is due to the fact that the tool head assembly is 
typically driven by small motors powering drive screws which position the tool 
head. Being large and bulky, such overhead positioning systems have high inertia, 
and tend to vibrate excessively, making alignment difficult. 

[0009] These disadvantages are due at least in part to the fact that, in these 
systems, both the "coarse" and the "fine" positioning of the electronic component 
with respect to the printed circuit board is accomplished by successive "coarse" 
and "fine" positioning of the tool head above a stationary circuit board. A 
problem with this approach is that any vibration in the mechanism which positions 
the tool head either requires time for the vibration to dissipate prior to alignment, 
or results in poor alignment. Moreover, should the operator even touch the 
positioning head, this alone may cause sufficient vibration to result in alignment 
problems or delays. 
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[0010] In the second type of existing system, the positioning tool head remains 
at a fixed location, and the printed circuit board is moved thereunder. A 
disadvantage of this system is that uniform heating of the circuit board is hard to 
achieve. This is due to the fact that the system's pre-heater is positioned at a fixed 
location under the platform which supports the movable printed circuit board. 
Accordingly, as the circuit board platform is moved around during component 
positioning, different components are exposed to different degrees of pre-heating, 
resulting in non-uniform temperatures across the circuit board. 

[0011] A further disadvantage with this second type of system is that it also is 
large and bulky. This is due to the fact that the component platform supporting the 
printed circuit board needs to travel a large distance under the tool head when 
positioning various components. Thus, a large printed circuit board slide is 
required to position components on the circuit board. 

Summary of the Invention 

[0012] In preferred aspects, the present invention provides systems for 
positioning a tool head with respect to a component platform, comprising: a frame; 
a tool head connected to the frame, the tool head being adjustably positionable in 
X and Y directions with respect to the frame; a component platform connected to 
the frame, the component platform being adjustably positionable in X and Y 
directions with respect to the frame; and an optical system which simultaneously 
views the tool head and the component platform. 

[0013] The optical system which simultaneously views the tool head and the 
component platform permits the precise alignment of the tool head above a desired 



PATENT 
Atty Dkt. No. 018190-307 

location on the component platform. Accordingly, the tool head can be lowered 
such that an electronic component (which is held by the tool head) is positioned at 
an exact desired location on a printed circuit board (which is held by a component 
platform). 

[0014] In accordance with the present invention, the "component platform" 
described herein may refer to a typical electronic "board holder" or "slide". It is 
to be understood, however, that the present invention is not so limited. Rather, 
references to an electronic component platform are understood to include to 
include any form of component positioning platform. 

[0015] In various preferred aspects of the present invention, the tool head may 
be a heated gas soldering / desoldering tool, but may also include any other form 
of component positioning head. In various aspects of the invention, the component 
platform preferably comprises a printed circuit board holder. It is to be 
understood, however, that the present invention is not so limited. Other potential 
automatic alignment uses are contemplated. For example, the tool may comprise a 
solder paste applicator, an adhesive / solder paste dispensing system, printing 
head, or any other system for placement of a solid, liquid or gel on a surface. 

[0016] In a most preferred aspect, both the tool head and the component 
platform are manually positionable in X and Y directions. As will be explained, 
an important advantage of the present invention is that very accurate positioning 
(i.e.: alignment) of the tool head with the component platform (e.g. "board 
holder") in X and Y directions can be achieved without using small stepper motor 
positioning systems. Rather, simple manual manipulation of each of the tool head 
and the component platform can result in rapid alignment. 
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[0017] In preferred aspects, the tool head is slidably positionable in X and Y 
directions. In a most preferred aspect, a first pair of positioning rods are 
provided on opposite sides of the frame. A pair of positioning arms are provided. 
These positioning arms are each slidably positionable in a Y direction along one of 
the first pair of positioning rods. A second pair of positioning rods are also 
provided. These second pair of positioning rods span between the positioning arms 
such that the tool head is slidably positionable in an X direction along the second 
pair of positioning rods. Accordingly, by moving the tool head from side-to-side 
along the second pair of positioning rods between the positioning arms, and by 
moving the positioning arms back and forth along the first pair of positioning rods, 
manual adjustment of the position of the tool head in the X and Y directions is 
achieved. It is to be understood that this most preferred tool head positioning 
system is exemplary and that any suitable system for positioning the tool head in 
both the X and Y directions is contemplated to be within the scope of the present 
invention. 

[0018] Also, in a most preferred aspect, the component platform is movable by 
manually rotating fine positioning screws, and is manually positionable in X and Y 
directions. In preferred aspects, movement of the tool head in the Z direction is 
accomplished by stepper motors. 

[0019] Preferably, manually slidable linear bearings (i.e. a rod and bearings 
assembly), are used both to move the tool head along its positioning rods and to 
move the positioning arms along its positioning rods. However, any suitable 
positioning system may be used, keeping within the scope of the present invention. 
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For example, the present invention may optionally include positioning the tool 
head and the positioning arms with positioning screws driven by small motors. 

[0020] Similarly, although the mechanism used to adjust the position of the 
component platform preferably comprises manual movement of the component 
platform by hand- turning fine positioning screws, the present invention may 
optionally include positioning the component platform with positioning screws 
driven by small motors. 

[0021] An important advantage of having the tool head and the component 
platform separately positionable is that "coarse" alignment can be achieved by first 
moving the tool head, followed by "fine" positional alignment by then moving the 
component platform. 

[0022] In the most preferred system of operation, "coarse" alignment is 
provided by moving the tool head (while the component platform remains 
stationary). Thereafter, "fine" alignment is provided by moving the component 
platform (while the tool head remains stationary). This system of providing "fine" 
positional alignment by moving the component platform is particularly 
advantageous in minimizing vibrational effects, as follows. First, the camera is 
attached to the tool head. Thus, any vibration in the tool head will cause vibration 
in the image. Therefore, by stopping movement of the tool head after "coarse" 
alignment has been completed, and by thus avoiding making "fine" positional 
adjustment mechanisms on the tool head, the tool head is less likely to vibrate. In 
preferred aspects, only the Z directional movement of the tool head is 
accomplished by small stepper motors, such that the operator need not manually 
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position (and thereby vibrate) the tool head as the component is finally positioned 
on the component platform. 

[0023] Secondly, the larger movable component platform is less likely to vibrate 
than the smaller tool head. This results in reduced vibration by making it easier to 
perform "fine" positional adjustment by moving the component platform. In 
preferred aspects, the component platform is manually positionable. A particular 
advantage of having the component platform be manually positionable is its 
mechanical simplicity, which reduces the size and complexity of the device. 

[0024] It is to be understood that although the present invention includes an 
exemplary automatic positioning system for the tool head and a manual positioning 
system for the component platform, the present invention also comprises systems 
in which both the tool head and the component platform are automatically 
positionable. 

[0025] Advantageously, gross (i.e. "coarse") positional movement of the tool 
head may be accomplished manually. Specifically, manual adjustment of the 
position of the tool head can be accomplished by sliding the tool head along linear 
"rod" bearings in each of the X and Y directions, as follows. In preferred aspects, 
an operator can push a first button to unlock movement of the tool head in the X 
(side to side) direction, and then manually drag the tool head in the X direction. 
Similarly, the operator can push a second button to unlock movement of the 
positioning arms such that the tool head moves in the Y (back and forth) direction, 
and then manually drag the tool head in the X direction. Accordingly, the tool 
head is then moved to a desired position in an X direction and then in a 
perpendicular Y direction. Separate optional manual movement of the tool head in 
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each of the X and Y directions is advantageous in that it permits rapid "coarse" 
alignment. 

[0026] Thereafter, separate perpendicular positioning screws may be used to 
"finely" adjust the positions of the component platform in each of the X and Y 
directions. 

[0027] In accordance with a preferred aspect of the present invention, the 
"coarse" (i.e. "gross") positional alignment between the electronic component and 
the component platform is accomplished by first moving the tool head (while the 
component platform remains stationary). Thereafter, the "fine" positional 
alignment between the electronic component and he component platform is 
accomplished by moving the component platform (while the tool head remains 
stationary). 

[0028] Preferably, such sequential movement of the tool head and the 
component platform is performed while simultaneously viewing the positions of 
both the tool head and the component platform with an optical system. The optical 
system specifically shows the alignment of the tool head and the component 
platform by showing the exact position of the tool head over the component 
platform. 

[0029] In preferred aspects, the optical system comprises a movable camera and 
beam splitter assembly which can be slidably extended such that the beam splitter 
is positioned directly between the tool head and the component platform. The 
camera is positioned to simultaneously view the tool head and the component 
platform through the moveable beam splitter. 
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[0030] The present invention further provides a novel method of aligning the 
position of a tool head with respect to a component platform, wherein the tool 
head and the component platform are both connected to a frame, and wherein the 
tool head and the component platform are both individually adjustably positionable 
in X and Y directions with respect to the frame, comprising: positioning the tool 
head while the component platform is maintained at a fixed location; and then 
positioning the component platform while the tool head is maintained at a fixed 
location, while simultaneously viewing the positions of the tool head and the 
component platform with an optical system. 

[0031] In preferred aspects, simultaneous viewing of the positions of the tool 
head and the component platform with an optical system comprises: positioning a 
movable beam splitter between the tool head and the component platform; and 
viewing through the beam splitter with a camera. 

[0032] An important advantage of the present invention is that it permits very 
accurate positioning of the integrated circuit chip at a desired location on a printed 
circuit board. 

[0033] The positioning of the integrated circuit chip can be accomplished very 
rapidly, as the present optical system permits simultaneous viewing of the exact 
movement of the integrated circuit chip with respect to the exact movement of the 
printed circuit board. 

[0034] By permitting simultaneous movement of both the positioning head used 
to hold the electronic component and the component platform therebelow, the 
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present invention reduces the overall footprint of the device required for electronic 
component assembly. 

[0035] Also, by permitting simultaneous movement of both the positioning head 
used to hold the electronic component and the component platform therebelow, the 
present invention makes it easier to perform an accurate component placement. 

[0036] Moreover, by permitting simultaneous viewing of the movement of the 
electronic component and the movement of the component platform, the present 
system facilitates a rapid and accurate alignment between these components. 

Brief Description of the Drawings 

[0037] Fig. 1 A is a perspective view of the present invention, with the optical 
system retracted, prior to component placement. 

[0038] Fig. IB is a perspective view of the present invention, with the optical 
system extended, prior to component placement. 

[0039] Fig. 1C is a perspective view of the present invention, with the optical 
system retracted, at the time of component placement. 

[0040] Fig. 2 A is a side elevation view of the present invention, corresponding 
to Fig. 1A. 

[0041] Fig. 2B is a side elevation view of the present invention, corresponding 
to Fig. IB. 
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[0042] Fig. 2C is a side elevation view of the present invention, corresponding 
to Fig. 1C. 

[0043] Fig. 3A is a front elevation view of the present invention corresponding 
to Figs. 1A and IB. 

[0044] Fig. 3B is a front elevation view of the present invention corresponding 
to Fig. 1C. 

Detailed Description of the Preferred Embodiments 

[0045] Referring to the attached Figs., the present system provides an alignment 
system 10 for positioning an electronic component 20 at a preferred (i.e.: target) 
location 31 on a printed circuit board 30 or other pad or substrate. Component 20 
is held in position by a vacuum tube 26 extending downwardly from movable tool 
head 25. Similarly, printed circuit board 30 is held in position by a movable 
component platform 35. 

[0046] Alignment system 10 comprises a frame 15 to which both tool head 25 
and component platform 35 are attached. In accordance with the present 
invention, both tool head 25 and component platform 35 are separately 
positionable in X and Y directions. 

[0047] In optional preferred aspects, vacuum tube 26 is rotatable about its 
longitudinal axis, thereby permitting component-to-board alignment in a further 
dimension (i.e.: component 20 can be rotated into a preferred position above 
component platform 30, prior to placement). 
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[0048] Electronic component 20 preferably comprises an integrated circuit chip 
having an array of ball solder leads 21 on its underside or edges. It is to be 
understood, however, that electronic component 20 is not limited only to 
integrated circuit chip, but may instead comprise any sort of electrical or non- 
electrical component. Additionally, tool head 25 may preferably comprise a heated 
gas soldering / desoldering tool head, but also is not so limited. Rather, tool head 
25 may comprise any sort of component positioning head or substance (e.g.: gel 
/glue) application head. 

[0049] In accordance with the present invention, electronic component 20 is 
positioned at target location 31 on printed circuit board 30 using retractable optical 
system 40, as follows. Retractable optical system 40 is slidably movable between a 
"pushed in" or "retracted" position (as shown in Figs. 1A and 2A) and a "pulled 
out" or "extended" position (as shown in Figs. IB and 2B). As shown in Fig. 2B, 
retractable optical system 40 preferably comprises an internal camera 42 and a 
beam splitter 44 (shown in dotted lines). 

[0050] Initially, prior to component placement, as shown in Figs. IB and 2B, 
assembly 40 is "pulled out". At this time, camera 42 views an image through beam 
splitter 42 such that it simultaneously views leads 21 on component 20 and target 
area 31 on printed circuit board 30. With optical assembly 40 "pulled out", tool 
head 25 is then moved (in X and Y directions) such that component 20 is 
positioned roughly above target area 31. Such movement comprises a "coarse" 
positioning. 

[0051] Manual movement of tool head 25 in the X and Y directions is achieved 
as follows. Tool head 25 is slidably positionable along rods 27. Thus, tool head 
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25 may be slidably positioned side-to-side along rods 27 in the X direction. 
Similarly, positioning arms 29 are slidably movable along rods 28 such that arms 
29 be slidably positioned back and forth in the Y direction. Such X and Y 
movement of tool head 25 comprises "coarse" alignment of tool head 25 and target 
region 31. Preferably, as shown in Fig. 1A , the operator may push button 34 to 
unlock movement of tool head 25 (along rods 27), or may push button 37 to 
unlock movement of positioning arms 29 (along rods 28). Thus, tool head 25 is 
preferably separately positionable in either of the X and Y directions (while 
movement in the other direction is prevented) by the operator depressing buttons 
34 and 37 separately. This optional feature of the invention further assists in 
accurate component alignment as the tool head can be manually positioned first in 
the X direction, and then in the Y direction (or vice versa). 

[0052] After positioning tool head 25, component platform 35 is then moved (in 
X and Y directions) such that printed circuit board 30 is then positioned in precise 
alignment with component 20. Such movement comprises "fine" positioning 
alignment. In preferred aspects, manually adjustable knobs 36 and 38 can be used 
to rotate fine positioning screws which move component platform 35. For 
example, knob 36 can be used to move component platform 35 in the X direction 
and knob 38 can be used to move component platform 35 in the Y direction. The 
positioning screws which are rotated by knobs 36 and 38 preferably comprise 
"micrometer" adjustment screws. For example, in preferred aspects, a suitable 
pitch for such positioning screws ranges from 20 to 100 rotations per inch. In an 
exemplary embodiment of the invention constructed by the Applicants, a 
positioning screw having a pitch of 48 turns per inch was used. Such micrometer 
scale screws permit precise X and Y directional alignment between component 20 
and target region 31 to be accomplished manually. In an exemplary embodiment 
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of the invention constructed by the Applicants, component platform 35 is 
dimensioned large enough to handle a 8" by 10" printed circuit board 30. To 
achieve precise positional alignment, it was only necessary for component platform 
35 to move printed circuit board 30 by small distances (specifically, on the order 
of plus or minus 1/4 inch). 

[0053] As explained above, and as shown in Fig. 2B, camera 42 takes an image 
through beam splitter 44 which simultaneously shows the positions of component 
20 and printed circuit board 30. After component 20 has been positioned in 
precise alignment with target region 31 of printed circuit board 30, optical system 
40 is then retracted (i.e.: "pushed back in" to the position as was shown in Fig. 1A 
and 2A). Thereafter, as shown in Figs. 1C and 2C, tool head 25 is then lowered 
(i.e.: moved downwardly in the Z direction) such that component 20 is positioned 
directly on printed circuit board 30. In preferred aspects, this downward 
movement is controlled by stepper motors such that precise Z directional 
movement is achieved. Precise mechanical lowering of tool head 25 thus ensures 
that component 20 is positioned at an appropriate height such that its leads 21 just 
touch printed circuit board 30. 

[0054] At this time, heater 24 (which surrounds vacuum tube 26) emits a heated 
gas which heats component 20 such that its array of leads 21 solders into the 
preferred target location 31 on printed circuit board 30. In addition, heated gas is 
also passed upwardly through pre-heater 37 (positioned under component platform 
35), thereby directly heating a lower surface the printed circuit board 30. An 
advantage of heating printed circuit board 30 by pre-heater 37 heating its underside 
is that the board can be heated to a temperature just less than the melting point of 
the solder. Accordingly, only a small amount of heat needs to be applied from 
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above component 20 through heater 24 in tool head 25 to solder electronic 
component 20 into position. In the absence of heat applied upwardly through pre- 
heater 37 under component platform 35, it would be necessary to apply much 
more heat with tool head 25 alone. Unfortunately, this may tend to increase 
thermal shock to the board, causing localized heating, thereby warping the circuit 
board. 
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